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[57] ABSTRACT 

The present invention is a method for detecting photo 
signals using an imaging device, comprising steps of photo- 
generating holes in a well region 15 of a photo-diode by a 
signal light, transferring the photo -generated holes through 
a bulk of the well region 15 to a heavily doped buried layer 
25 which is formed in the well region 15 near a source region 
16 by doping that region with impurity heavier than the well 
region (15) of an insulated gate FET, storing the photo- 
generated holes in the heavily doped buried layer 25 to 
thereby change the threshold of the FET corresponding to 
the amount of the photo-generated charge, and reading the 
change in the threshold as the amount of signal light 
received by the photo-sensor. 

9 Claims, 13 Drawing Sheets 
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SOLID-STATE IMAGING DEVICE AND 
METHOD OF DETECTING OPTICAL 
SIGNALS USING THE SAME 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

The invention relates to a threshold modulation MOS type 
solid-state imaging device for use in video cameras, elec- 
tronic cameras, image input cameras, scanners, and jo 
facsimiles, and to a method of detecting optical signals using 
such solid-state imaging device. 

2. Description of the Prior Art 

Semiconductor image sensors have been widely used in 
most image input devices because they can be mass pro- 15 
duced using advanced fine patterning techniques. In 
particular, charge coupled devices (hereinafter referred to as 
CCDs) are used in various kinds of imaging apparatuses 
such as video cameras and facsimiles since they have high 
photo-sensitivity and low noise levels. 20 

However, it is known that CCDs have the drawbacks, 
such that 

(1) they require a large power consumption and an high 
operating voltage; 25 

(2) they require a rather complicated manufacturing pro- 
cess and are costly as compared with CMOS type 
devices; and 

(3) unlike CMOS devices, they cannot easily incorporate 
therein a complex peripheral circuit therefor. 30 

On account of these impediments of CCDs to be solved, 
and because of a recent spread of a need for solid-state 
imaging devices in the marketplace, MOS type solid-state 
imaging devices have gained a great deal of attention. In 
addition, recent advancement of sub-micron CMOS tech- 35 
nologies have proved feasibility of the fabrication of sub- 
micron imaging devices. 

It should be noted, however, that conventional MOS type 
image sensors are inferior to CCD image sensors in perfor- 
mance. For example, MOS type image sensors suffer from 40 
random noise and fixed pattern noise. Thus, these principal 
problems must be overcome in order for MOS type image 
sensors to be useful. 

On the other hand, micro-lens technology has enabled to 
scale down a photo-sensitive area. Several fine fabrication 45 
technologies (micro-technologies) have enabled to construct 
an integrated transistor amplifier involving two or three 
transistors for each pixel to result in enhancing the sensi- 
tivity of a MOS device. Thus, by the use of such an 
integrated circuit technology, it is now possible to reduce 50 
thermal noise (kTC noise) generating in X or Y MOS 
switches and fixed pattern noise due to structural non- 
uniformity of the device elements. 

Therefore, a type of active CMOS image sensors, which 
are equipped with a transistor amplifier fabricated in each 55 
pixel of photo-detection portion using a micro-technology, 
has attracted much attention. 

Active CMOS image sensors require no special technol- 
ogy. That is, they enable to easily integrate by ordinary 
CMOS technology peripheral CMOS circuits and the light 60 
sensing element on the single chip, so that they can be 
manufactured at low cost. In addition, they have advantages 
that they operate at a low operating voltage and consumes 
less power. 

Thus, active CMOS image sensors are anticipated in near 65 
future to play an important role in one-chip cameras 
equipped with a sophisticated signal processing circuit. 



2 

Developments of prior art active CMOS image sensor are 
discussed in the following references. 

(1) Japanese Patent Early Publications Nos. 60-140752, 
60-206063, and 6-120473 disclose charge modulation 
devices (CMDs). A CMD uses a photo-sensitive area 
converter, which has CCD-like features. The gate electrode 
of the MOS transistor has a photo-gate electrode structure to 
improve its fill factor which is a ratio of a light transmitting 
area to a total area consisting of the light transmitting area 
and a light shielding area. This device is adapted to control 
a current passing through the MOS transistor by storing 
photo-generated charges in a surface of a Si layer below the 
photo-gate electrode of the MOS transistor. 

(2) Japanese Patent Early Publication No. 64-149959 
discloses a bulk charge modulated device (BCMD) as shown 
in FIG. 1. In this device also, in order to improve the fill 
factor, the gate electrode 7 of the MOS transistor has a 
photo -gate electrode structure and incorporates a layer 
(hereinafter referred to as a charge storing layer) for storing 
photo -generated charges. The charge storing layer is formed 
in a p-type well layer 3 on an n-type layer 2 and below the 
photo -gate electrode 7 as shown in FIG. 1A. It is noted that 
in this example the charge storing layer is formed in the 
p-type well layer 3 below the channel region 9 so as to 
suppress trapping of the photo-generated charges to surface 
trap levels in an interface portion between the n-type layer 
9 and a gate oxide film 6 in contact with the layer 9. As a 
result, the noise caused by the photo-generated charges 
trapped in the surface trap levels may be suppressed. The 
MOS transistor shown in FIG. 1A also includes a p+-type 
substrate 1 on which the n-type layer 2 is formed, a source 
diffusion region 4 and a drain diffusion region 5 which are 
formed in the p-type well layer 3 at the both sides of the gate 
electrode 7, and a constant-current source 8. 

(3) Japanese Patent Early Publication, No. 2-304973 
disclosed a threshold voltage modulation type solid-state 
imaging device which has a ring-shaped gate electrode 
structure, in which a source diffusion region is formed at the 
center part surrounded by the ring-shaped gate electrode, 
and a drain diffusion region is formed so as to surround the 
source diffusion region and the ring-shaped gate electrode. 
The drain diffusion region is also extended to the light- 
detection portion and it serves as a heavily doped buried 
layer for a buried photo-diode. This example is characterized 
in that a photo-sensing device is provided outside the 
transistor and that a potentially minimum region is provided 
for signal charges, which lies within a well region below the 
channel region and extends along the entire length of the 
channel region, but occupies only a part of the entire channel 
width. 

In this solid-state imaging device, the photo-generated 
charges, that is, electron-hole pairs occur in the buried 
photo-diode by illuminating it with light, and the charges of 
one-type of these pairs are stored in the photo-diode and 
results in a substrate bias or a change in potential of the 
substrate. The bias is used in controlling the threshold 
voltage of the MOS transistor. This imaging device is useful 
especially when the intensity of light is weak wherein only 
a small amount of charges are generated by light. The 
photo-generated charges are collected at the potentially 
minimum region to suppress the non-uniformity in sensitiv- 
ity of the imaging device and to suppress associated fixed 
pattern noise. 

However, a problem of random noise still remains in 
CMD type solid-state imaging devices. The random noise is 
caused by the trapping or scattering of the photo-generated 
charges in the surface region of the semiconductor, which 
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cannot be removed completely by the above mentioned tivity type, and said insulated gate field effect transistor 

modifications, since a photoelectric conversion is done in comprises a drain region formed on the surface of said well 

the CMD solid-state imaging device using charges near the region, extending to said impurity region, and having the 

surface of the semiconductor. second conductivity type, a source region formed on the 

The BCMD type solid-state imaging device as shown in 5 surface of said well region, spaced apart from said drain 

FIG. 1A is used in a source follower connection. In this case, region, and having the second conductivity type, a gate 

since the charge storing layer 3 lies in the entire channel electrode formed on a gate insulation layer which is formed 

region underlying the photogate electrode 7, it is difficult to on said well region and between said drain region and said 

drive the transistor under a sufficiently saturated condition. source region; and a heavily doped buried layer formed in 

Consequently, the transistor operates in a triode-region 10 said well region near said source region below said gate 

current- voltage characteristic shown in FIG. IB, and thus electrode, said heavily doped buried layer doped with an 

the BCMD imaging device poses a problem that the photo- impurity of the first conductivity type heavier in concentra- 

generated charges cannot be converted linearly to voltage by tion than said well region. 

the source follower connection to the MOS transistor The heavily doped region as the carrier pocket is sepa- 

It is noted that, since the carriers in the charge storing is rated from the drain region for injected carriers to contribute 

layer 3 are distributed throughout the channel region under the efficient threshold voltage of MOS transistor modula- 

the photo-gate electrode 7 and since the channel region, as tion. 

a whole, contributes to a modulation of a current through it, When a ring shaped gate electrode is used for example, 
the potential variation is not a linear function of photo- the source diffusion region is formed in the surface layer of 
generated charges. Besides, since the resultant capacitance 20 a we rj rc gi on ^ a central region surrounded by the ring- 
based on the gate oxide film above the charge storing layer shaped gate electrode, and the drain diffusion region is 
3 is relatively large, so that its conversion efficiency is rather formed in the surface layer of the well region surrounding 
low. the ring-shaped gate electrode, and the heavily doped buried 

Further, both of the CMD type and the BCMD type layer ^ f ormec j i n the well region below the gate electrode 

solid-state imaging devices each having a photo-gate struc- 25 ^ ^ t0 surr0U nd the source diffusion region, 

ture suffer from degradation of spectral sensitivity to light Iq ^ arrangemenl> the heavily doped buried layer has a 

caused by multiple interference of incident light, which is bwest tential for holes throughout the well region if the 

pertinent to a photo-sensing device having a MOS structure. heayily doped buried u of p . type fc formed ^ a p . type 

The photo-gate electrode structure presents a further weU ion Qn {hQ Qther hand> the heavily doped buried 

problem that it needs a special, complex process in forming 30 layef faas a highest potential for electrons throughout the 

a thin transparent photogate electrode. weU ion if the heavily doped buried ]ayer of n . lype is 

In a solid-state imaging device having a region of mini- formed in an weU f • 

mum potential formed within a well region and extending . . . . . , . , - 

. „ , 4 . . Jt . f ,L u i ■ *u The impurity diffusion region of the photo-diode is corn- 
partial y along the width of the channel region and along the ... ** ■ ; . ,.~ e . . f t , fi , , ff , 
»• i ^ c *u u i * *u T * * « bimng with the dram diffusion region of the field effect 
entire length of the channel region, the transistor assumes 35 ? .u ♦ *u u . 7- a a *u<. cot ™„ 
t . j n 4 u u 4. • 1*1 • ♦ transistor (FET), so that the photo-diode and the FET may 
the tnode-like current- voltage characteristic, which is not , . v " t . . J. , ... , , . , . J 
- i_ i. * c *u share the same well region. The heavily doped buried layer 
adequate for a linear charge- voltage conversion of the . „ . a-pf • 
, M • ? „ * is formed near the source diffusion region, 
photo-generated charges by a source follower connection to 

the MOS transistor. SuKe the keavdy buned * aver ^ disposed near the 

40 source diffusion region, charges generated in the well region 

SUMMARY OF THE IlsTVENTION of the photo-diode will easily collect in the heavily doped 

It is an object of the invention to provide a solid-state Juried layer. . . 

imaging device which has little noise caused by the trapping [ ° other ™ r f ' wheD the wel1 T ^ on 18 P" 1 ^ and ai l 

and scattering of photo -generated carriers in the semicon- ^ hannel M0S tran f lor K f used as an 0 P U f Cal sl S nal 

ductor surface of the device. « detection transistor, then holes are used, and the source 

„ , . . ... dirrusion region is set at a lower electnc potential than the 

It is another object of the invention to provide a solid-state ^ { . ^^g^y when the well region is 

unaging device with an improved spectral sensitivity to Mype aQd ^ signa , delection , ransistor is , p . channe | 

u S nt * MOS transistor, then photo-generated charges are electrons, 
It is still another object of the invention to provide a 5Q and the diffuskm region is set to a higher potential 
solid-state imaging device having a linear charge-voltage than the drain diffusion region. Thus, if the drain diffusion 
conversion characteristic for a photo-generated charge. region is supp u e d with a positive or negative operating 
It is a further object of the invention to provide a solid- voltage VDD, and the gate electrode is supplied with a lower 
state imaging device having therein a photo-sensing device voltage, then an electric field is generated in the well layer 
that can be fabricated by an ordinary CMOS process. 55 ^ as to accelerate either holes or electrons of the photo- 
It is a still further object of the invention to provide a light generated charges to move from the drain diffusion region of 
detection method using such a solid-state imaging device as the FET, i.e. the impurity diffusion region of the photo - 
described above. diode, to the source diffusion region. 

In a constitution of the present invention, a solid-state An initialization of the imaging device expels out of the 
imaging device equipped with a plurality of unit pixels each 60 semiconductor layer and substrate the photo-generated 
including a photodiode and an insulated gate field effect charges that remain after a read operation, and holes or 
transistor, said photo-diode comprising a substrate having a electrons that remain in the acceptors or the donors in the 
first conductivity type, a semiconductor layer formed on said well region and the other semiconductor layer to neutralize 
substrate and having a second conductivity type, a well the acceptors or the donors. The new charges are photo- 
region formed on said semiconductor layer and having the 65 generated in the well region of the photo-diode. The voltage 
first conductivity type, an impurity region formed on the subsequently applied to the electrode and regions as 
surface of said well region and having the second conduc- described above will cause the new photo-generated charges 
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to be transferred to the heavily doped buried layer and stored 
therein. Once collected in the heavily doped buried layer, the 
charges cannot easily get out or diffuse out of the heavily 
doped buried layer because of the lower potential it has 
there. Thus, the photo-generated charges are effectively 
stored in the heavily doped buried layer. 

The photo-generated charges stored in the heavily doped 
buried layer can be removed therefrom by applying a 
voltage which is higher than the operating voltage to the gate 
electrode, the drain diffusion region, and the source diffusion 
region to thereby enhance the electric field through the well 
region. 

As the photo-generated charges are stored in the heavily 
doped buried layer, the Fermi level in the heavily doped 
buried layer is changed and the space charge therein is 
decreased corresponding to the amount of the stored 
charges, so that the threshold voltage of the transistor is 
lowered. At the same time, as the stored charges in the 
heavily doped buried layer increases, carriers having the 
opposite conduction type relative to the stored charges in the 
heavily doped buried layer is generated in the channel region 
in accordance with the law of conservation of charges, 
thereby partially creating a inversion region just over the 
heavily doped buried layer, so that channel conductance is 
increased therein. 

Since the photo-generated charges are not stored in any 
region other than the heavily doped buried layer due to a 
high potential outside the heavily doped buried layer, no 
further iuversion region will be formed in a surface layer of 
the well region below the gate electrode other than therein 
right on the heavily doped buried layer, but a strong electric 
field is generated therein (this region will be referred to as 
strong-electric field region). 

Because of the inversion region and the strong-electric 
field region formed in the same channel region, the transistor 
becomes operable under a saturated condition. Thus, if a 
constant current is supplied to the source of the transistor 
used in a source follower connection and if an appropriated 
gate voltage is applied to the gate, the transistor follows the 
change in the threshold voltage of the transistor and changes 
the potential in the source diffusion region accordingly. 

In addition, since the transistor may operate under a 
saturated condition, the current passing through it depends 
only on the voltage difference between the gate electrode 
and the source diffusion region. Accordingly, the change of 
the source potential depends only on the amount of the 
stored charges of the photo-generated charges. 

By outputting this source potential as a video signal, an 
advantageous linear photoelectric charge-voltage conver- 
sion may be obtained. 

Since the amount of the charges stored in the heavily 
doped buried layer is balanced by the charges induced in the 
inversion region, the amount of the charges stored in the 
heavily doped buried layer is the same as that of the charges 
supplied to the gate insulating film (acting as a capacitor). 
Hence, the output of the transistor corresponds to a change 
in the threshold voltage. 

The injected carriers are shared by the distributed capaci- 
tance to each transistor nodes, are also responded to the 
other capacitance components such as the capacitance to 
drain and substrate causing the loss of threshold modulation 
sensitivity. Therefore, the highly doped region should be 
located near the gate electrode and separated from the drain 
edge to increase the modulation sensitivity. 

The charge-storage of the photo-generated charges to the 
capacitor of the gate insulating film is limited by the 
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capacitance of the gate insulating film just over the heavily 
doped buried layer acting as the carrier pocket. Therefore, 
the detection sensitivity of the image sensor is determined 
from the thickness of the gate insulating film, the area and 

5 the depth of the heavily doped buried layer. Moreover, the 
capacitance can be regarded as constant, so that the image 
sensor enables a sensitive detection of light based on an 
excellent linear charge-voltage transfer characteristics. 
In general, if a surface of the semiconductor layer is 

10 depleted, the depleted region acts as a barrier for holes. 
If the transistor has an ordinary photo-gate electrode, the 
surface of the semiconductor layer filled with the photo- 
generated charges would reach an electrostatic equilibrium. 
Then the sensor would suffer from a serious problem such as 

15 a generation of a dark current due to a thermal excitation and 
a potential modulation due to an accumulation of parasitic 
holes. 

On the other hand, the channel region of the transistor of 
the invention is adapted to hold a depletion condition therein 

20 after initialization of the transistor for sweeping remaining 
charges. In addition, since the transistor is shielded from 
light, no appreciable carriers will be formed therein. Should 
certain carriers be trapped on the surface of the semicon- 
ductor layer in the transistor, they could not override the 

25 potential barrier to become a dark current or noise on the 
surface. 

Briefly stated, the present invention causes the photo- 
generated charges which control a current through a detec- 

30 tion transistor to store in an isolated region in the well region 
underlying a channel region so that the charges do not 
interact with a surface layer of a MOS transistor. 

By collecting the photo-generated charges in the neigh- 
borhood of the source diffusion region, it is possible to 

3 5 control the threshold voltage of the transistor, thereby 
enabling realization of an ideal threshold voltage modulated 
CMOS image sensor having a linear response and a high 
detection sensitivity without generating appreciable noise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

Preferred embodiments of the invention will now be 
described in conjunction with the accompanying drawings, 
in which: 

FIG. lAis a cross section of a major portion of a prior art 
45 solid-state imaging device having a BCMD structure; 

FIG. IB is a graph showing a current-voltage character- 
istic of the solid-state imaging device of FIG. 1A; 

FIG. 2 is a plan view showing a layout for a unit pixel of 
a solid-state imaging device according to the invention; 
50 FIG. 3 is a cross sectional view showing a structure of a 
unit pixel of the solid-state imaging device of FIG. 2, taken 
on line A— A of FIG. 2; 

FIG. 4A is a detailed cross sectional view showing a 
55 structure of a carrier pocket and its surrounding area in a unit 
pixel of the solid-state imaging device shown in FIG. 2; 

FIG. 4B is a cross sectional view showing the equivalent 
circuit around the gate region including carrier pocket 
region. 

60 FIG. 5 is a cross sectional view taken on line B — B of 
FIG. 2, showing a structure of a photo-diode within the unit 
pixel of FIG. 2; 

FIG. 6 is a cross sectional view taken on line C — C of 
FIG. 2, showing a structure of a CMOS transistor for 
65 light-sensing within a unit pixel of FIG. 2; 

FIG. 7A is a circuit diagram of the solid-state imaging 
device of FIG. 2. 
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FIG. 7B is a timing chart for the operation of the circuit Formed within the well region 15 underlying the ring shaped 

shown in FIG. 7B; gate 19 and surrounding the source diffusion region 16, is a 

FIG. 8A is a potential profile along the cross section taken carrier P 0 ^ 1 (heavily doped buried layer) 25. 

on line D — D of FIG. 5 during a initializing period of It should be understood that an n-type impurity layer (the 

operation; 5 opposite conductivity type impurity layer) is formed in the 

FIG. 8B is a diagram illustrating a potential profile along channel region of the MOS transistor 112 so that the channel 

the cross section taken on line E— E of FIG. 5 during a region is depleted, or inverted, while the MOS transistor 112 

initializing period of operation; 15 m operation. 

FIG. 9A is a potential profile along the cross section taken drain diffusion region 17a is connected with a drain 

on line D— D of FIG. 5 during a charging period of v °l ta g c (VW) supply line 22, and the gate electrode 19 is 

operation* connected with a vertical scanning signal (VSCAN) supply 

FIG. 9B is a potential profile along the cross section taken Une 21 ; ™ d the source diffusion region 16 is connected to a 

on line E — E of FIG. 5 during a charging period of opera- vertlcal 0Ut P ut ^ 20 ' 

t j on . 15 In regions other than a light sensing window 24 of the 

FIG. 10A is a potential profile along the cross section ^ ^ * MMB * & ^ ^ 

taken on line D — D of FIG. 5 during a read period of shielding mm ZJ. 

operation* ^ e device structure of the CMOS imaging sensor of the 

FIG. 10B is a potential profile along the cross section P re8ent invcntion ™" now 1x5 described ^ rcferenoe t0 

taken on line E — E of FIG. 5 during a read period of ™ ^ accompanying drawings. 

nneration" ^ e ^S ure snown m tne upper section of FIG. 3 is a cross 

' . , , u , section showing a structure of the CMOS imaging sensor 

FIG. 11 is a graph showing a current-voltage character- , . & . ... , f Jf 

* - i ■ i a . xvrrto * * *u- according to the invention, which corresponds to the cross 

isnc of a op ical si^a detection MOS transistor within a ^ on A _ A 2 ^ shown ^ 

unit pixel of the solid-state imaging device shown m FIG. 2; ^ ^ ^ Qf nQ 3 ^ a potenlia f proflle along 

FIG. 12A is a surface potential profile in the channel the SUfface of the semiconductor substrate, 

region of the solid-state imaging device shown in FIG. 2, The figure shown in the upper part of FIG. 4Ais a detailed 

immediately after the initialization thereof; cws& Qf a fegion ^ af0und the carrief pocket 

FIG. 12B is a surface potential profile in the channel 25 in the well region 15 below the channel region. The figure 

region of the solid-state imaging device shown in FIG. 2, 30 s h own m tne lower part of FIG. 4A shows a potential profile 

when light is shielded; along a plane, corresponding to the line F — F of the upper 

FIG. 12C is a surface potential profile in the channel part of FIG. 4A, which is parallel with the surface of the 

region of a prior art solid-state imaging device, subsequent semiconductor substrate, in a case when photo-generated 

to illumination of light; holes are stored in the carrier pocket 25, 

FIG. 13A is a charge distribution in the solid-state imag- 35 ^ a ma tter of fact, the injected carriers are shared by the 

ing device shown in FIG. 2 during charging and read capacitance components to the individual transistor nodes, 

operations; which are capacitance to source (Csp), capacitance to sub- 

FIG. 13B is a cross sectional view of a portion of the MOS strate (Cbp), capacitance to drain, (Cdp), and capacitance to 

transistor shown in FIG. 6 in the neighborhood of a carrier Gate (Cgp) as shown in FIG. 4B. Among these factors, the 

pocket, useful in explaining FIG. 13 A; 40 Cgp should be a dominant factor excluding the Csp, which 

FIG. 14 is a cross sectional view showing another struc- * foe output node to increase the potential response for the 

ture of a unit pixel of the solid-state imaging device, injected carriers. Therefore, the injected carriers are distrib- 
uted sharply at the heavily doped region by reducing the Cbp 

DETAILED DESCRIPTION OF THE a nd Cdp, which can be realized by separating the heavily 

PREFERRED EMBODIMENT *5 doped region from the drain edge and substrate. Meanwhile, 

The embodiment of the present invention is described in Jhe sensitivity can be also enhanced at the smaller area of the 

detail hereinafter with reference to the accompanying draw- ^y doped region, since the detecting capacitance (Cgp) 

is also determined by area of the highly doped region. 

rtn o v o «io„ 0 rtf a ltn ; t i rtf FIGS. 5 and 6 are cross sections taken on lines B — B and 

FIG. 2 is a plan view showing a layout ot a unit pixel ot 50 . . f - 

a CMOS image sensor according to the embodiment of the L ~ Lt respectively, ot Hb. 2. 

present invention As shown in the upper section of FIG. 3, an n-type silicon 

As shown in FIG. 2, the unit pixel 101 includes a ^ er P is epitaxiaUy grown on a p-type silicon substrate 11, 

photo-diode 111 and a photo-detector 112 for detecting a formin S a semiconductor substrate of the invention, 

light signal; which "is- a MOS transistor arranged adjacent to 55 ^ P- tv P e wdl ™& on 15 15 formed on the la y er 

the photo-diode 111. The photo-diode 111 and the MOS 12. A field insulation film 14 and an element separation 

transistor 112 shares a well region 15, so that the well region diffusion region 13 underlying the field insulation film 14 

15 serves on one hand for the photo-diode 111 as a region for are formed between two neighboring pixels, 

generating charges when it is illuminated with light, and Referring to FIGS. 3 and 5, the photo-diode 111 will now 

serves on the other hand as a gate region for the MOS 60 De described in detail. 

transistor 112. The photo-diode 111 comprises mainly of the well region 

The photo-diode 111 has an impurity diffused region 17 15 and an impurity diffusion region 17 which is formed on 

which is formed integral with a drain diffusion region 17a of the surface of the n-type silicon layer 12 to cover most part 

the MOS transistor 112 on the well region 15. The drain of the well region 15. That is, the photo-diode 111 has an 

diffusion region 17a is formed so as to surround a ring 65 buried structure for holes, wherein the holes are mainly 

shaped gate 19. Formed in the central region surrounded by generated in the well region 15 below the impurity diffusion 

the ring shaped gate 19 is a source diffusion region 16. region 17. 
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The impurity diffusion region 17 is connected to the drain circuit 102 via vertical scanning signal lines 21a and 21b 

voltage (VDD) supply line 22 and biased to a positive associated with the row to receive the vertical scanning 

potential, which facilitates holes generated by incident light signal VSCAN. 

to collect in the well region 15 underlying the impurity The sources of the MOS transistor 112 in the unit pixels 

diffusion region 17, thereby reducing noise through no 5 ioi in each column are connected with the vertical output 

interaction with the semiconductor surface in which many ii nes 20a and 20b associated with the column, 

surface trap levels exist. ^ vcrtical output lincs 20a and 2Qb are conncctcd with 

Referring to FIGS. 3 and 6, optical signal detection me respective drains (light detection signal input terminals) 

n-MOS transistor 112 will now be described in detail. The 28a and 29a of MOS transistors serving as column switches 

MOS transistor 112 has a structure in which the ring shaped 10 105a ^ 105b respectively, for the respective columns. The 

gate electrode 19 is surrounded by the n+-type drain diffu- gates (horizontal scanning signal input terminals) of the 

sion region 17a which is formed integrally with the n+-type switches 105a and 1056 are connected with a horizontal 

impurity diffusion region 17. The n+-type source diffusion scanning driver circuit 104 for horizontal scanning signals 

region 16 is formed in the center region surrounded by the (HSCAN). 

gate electrode 19. The gate electrode 19 is formed on a gate is ^ (h ht detfxtioQ si d out t terminals) 28c 

msulation layer 18 which is deposited on the well region 15 and 29c of ^ switches 105fl and mb respective , y> are 

extendmg between the drain di&sion region 17a and the connected ^ , vide0 signal out ut terminal 107 via a 

source diffusion region 16. The surface layer of the well common constan , cuiwm , m 106 In otherwords> 

region 15 underlying the gate electrode 19 serves as the (he of (he MQS transistor m ^ each unit pixe , 101 

channel region. ^ ^^(6,) ^j, tne constant current supply source 106 to 

The p+-type carrier pocket 25 is formed in the well region f orm a source follower circuit. Thus, the gate-source voltage 

15 in such a way that the carrier pocket 25 surrounds the and bulksource voltage of the transistor are determined by 

source diffusion region 16 and extends only partially along , ne constant current supply source (load circuit) 106. 

the length of toe channel region. This p + -type carrier pocket ^ MQS transistors m ^ the unit ^ m . 

25 can be made by an ion implantation method for example. ^ ^ vertica , x (VSCAN) and 

It should be noted that the earner pocket 25 is formed in the ^ J bmizaaM si al (HS CAN), resulting in a 

well region 15 to underlie the channel region, rather than in f . , JTJ A v tU ♦ 

. T . . i • . « 6 • sequence of video signals (Vout) representing the amounts 

the surfacing channel region itselt. The earner pocket 25 , , . . . t, \ ... , 

- , % j B iL , i . » of light received by the diodes 111 in the respective pixels, 

need to be formed not to overlie the channel region. In & J r . 

addition, in order to hold the channel region inverted or 30 M descnbe above > smce each unit P™ 1 101 consists of 

depleted under a normal operating voltage, it is necessary to a Photo-diode 111 and a MOS transistor 112, pixels .of the 

form an impurity layer 15a by introducing appropriate imaging device may be integrated together by a CMOS 

concentration of n-type impurity in the channel region. P rocess > alon & with the canning driver circuits 102-104 and 

~, . , - u A . . i*->eu i other peripheral circuits including the constant current sup- 

The above described p+-type carrier pocket 25 has a lower i m*- iL • j * l * * 

, . . - . /j u i 4iT c i ♦ 35 ply source 106, on the same semiconductor substrate, 

potential for photo-generated holes than for electrons, so r J 

that photo-generated holes are collected in the carrier pocket FIG * 7B is a timin g chart for various input/output signals 

25 when a high voltage is applied to the drain diffusion required for operation of the CMOS imaging sensor of the 

region 17a. The figure depicts a manner in which photo- invention. This tiring chart is applied to an imaging sensor 

generated holes are accumulated in the carrier pocket 25. whicn has P-tyP e wcl1 15 and n " M0S *W* 

Shown in the lower section of FIG. 3 is a potential profile 40 detectl0n transistors 112. 

when photo-generated holes are accumulated in the carrier imaging device has a cycle consisting of sweeping 

pocket 25 so that electrons are induced in the channel region, (initialization), photo-carrier generation, charge storing, and 

i.e. a inversion region is formed therein. The arrangement of reading stages. 

the element near the carrier pocket 25 in the well region 15 45 During the cycle, the electric potential in each of the well 

under the channel region and the associated potential profile regions 15 in the unit pixels 101 varies as will be described 

are shown in FIG. 4. in detail below with reference to FIGS. 8, 9, and 10. The 

Next, referring to FIGS. 7A and 7B, the CMOS image current— voltage characteristic of the light detection MOS 

sensor utilizing the above described unit pixels will now be transistor 112 in each unit pixel 101 will be understood with 

described. FIG. 7A shows a circuit diagram for the CMOS 50 reference to FIG. 11. 

imaging sensor according to the invention. The CMOS In each of FIGS. 8-10, the ordinate represents the 

imaging sensor has two-dimensional array of unit pixels potential, while the abscissa represents the depth from the 

arranged in a matrix form, i.e. arranged in rows and surface of the substrate. FIGS. 8 A, 9A, and 10A represent 

columns, as shown in FIG. 7A. In the example shown in the potential distributions taken on line D — D of FIG. 5 at 

FIG. la, the image sensor comprises a 2x2 matrix for 55 sweeping (initialization), charge storing, and reading, stages 

simplicity. of the cycle, respectively. Similarly, FIGS. 8B, 9B, and 10B 

Provided on one side of pixel matrix is a vertical scanning represent the potential distributions taken on line E— E of 

driver circuit 102 for providing the matrix with a vertical FIG. 6 at sweeping (initialization), charge storing, and 

scanning signals (VSCAN), and on the opposite side of the reading, stages of the cycle, respectively, 

matrix is a VDD scanning driver circuit 103 for providing 60 ln lne sweeping period, charges that remain in the semi- 

the matrix with a drain voltage VDD. conductor after a read, holes and electrons neutralizing the 

The drains of the MOS transistors 112 in the unit pixels acceptors and donors, and holes and electrons trapped in the 

101 in each row, are connected with the VDD scanning surface states are expelled out of the semiconductor. This 

driver circuit 103 via voltage supply lines 22a and 22b operation, referred to as initialization, is performed for each 

associated with the row to receive the drain voltage VDD. 65 row. 

The gates of the MOS transistors 112 in the unit pixels 101 An important aspect of the sweeping operation is to clear 

in each row are connected with the vertical scanning driver the carrier pocket 25 for the next photo-generated charges to 



3/17/04, EAST Version: 2.0.0.29 



6,051,857 

11 12 

be stored therein. In other words, it is intended to detect only voltage, while the photo-generated holes are attracted by the 

the photo-generated charges as a video signal, avoiding low potential in the source diffusion region 16 towards the 

picking up noise due to remaining charges. source diffusion region 16 until they are trapped or stored in 

In this operation, the drain diffusion region 17a, the gate the carrier P ockel 25 where ft the e * ectric Potential is 

electrode 19, and the source diffusion region 16 are supplied * minimum, as shown in FIGS. 9A and 9B. 

with a voltage which is greater than the normal operating Since charge transfer of the photo-generated charges 

voltage. This is done by applying VDD of about +5 volts to during the charge storing period is done only within the 

the drain diffusion region 17a via VDD supply lines 22a and P'type well region 15, the charge transfer is not affected by 

22b, and applying about +5 Volts to the gate electrode 19 via lhe surface condition of the semiconductor, and hence 

VSCAN supply lines 21a and 21b. The source diffusion 10 generating no noise. 

region 16 is also supplied with the same voltage (+5 Volts) It is noted that, if the surface of the transistor is depleted, 

as the drain diffusion region 17a, since the channel region is it becomes a barrier for the holes. 

rendered conductive by the gate voltage. In a prior art photo-gate electrode configuration as shown 

As shown in FIGS. 8A and 8B, this voltage acts as a in FJ G- 12c > thc surface of the semiconductor is filled with 

reverse bias across the pn-junction, so that the electric field 15 photo-generated charges, which are in electrostatic equilib- 

in the well region 15 is directed to the p+-substrate 11 rium and can be a source of dark current and parasitic holes 

through n- and p-regions, whereby the holes that remain in which m turn P oscs a potential modulation problem, 

the well region 15 and other sections in the semiconductor In contrast, in the example shown herein, the channel 

are swept out through the p+-substrate 11 while electrons region of the transistor is depleted and remains so after 

remaining in the semiconductor are swept out through the 20 initialization, as shown in FIG. 12A. Furthermore, since the 

source diffusion region 16 and the drain diffusion region 17. gate and the nearby region are shielded from light, no 

It should be recognized that particularly the photo-generated excessive carrier layer is generated. Hence, if carriers are 

charges stored in the carrier pocket 25 cannot be expelled trapped in the surface of the transistor, as shown in FIG. 

therefrom by a standard gate and drain voltages to saturate 12B, it cannot override the barrier to become a dark current 

the transistor, but that the charge can be expelled from the 25 or noise through the surface. 

carrier pocket 25 by applying a gate voltage and a drain The read period is needed to read out video signals (Vout) 

voltage which are higher than the standard voltages by 5 associated with the photo-generated charges stored in the 

Volts, for example. respective pixels. The video signal Vout may be read by 

The well region 15 becomes depleted when the remaining activating the optical signal detection MOS transistor 112 

charges are swept. connected as a source follower. 

As described above, the initialization operation men- In this case each of the drains of the MOS transistors 112 

tioned above is ideal in sweeping charges to obtain imaging * row is provided with a voltage of about 2 to 3 Volts 

signals, since it will leave no charge that can result in via VDD supply lines 22a and 22b, and each of the gates of 

thermal noise (kTC noise) or thermal fluctuation in carrier 35 the MOS transistors 112 in each row is provided with a 

densit v ' voltage of about 2 to 3 Volts via VSCAN supply lines 21a 

" J1 L • • • i- i_ and 216, so that the MOS transistors 112 operates under a 

It would be appreciated that the initialization may be condition. TTie sources of the photo -detection 

carried out by means of an on-chip booster circuit imple- MQS transistors m connectcd ^ the ^usHM current 

mented in the substrate, since no current path is involved m ^ ^ ^ ^ ^ 

the initialization. 40 A . ' /\ . - , . . tU • t # -, e 

Aphoto-generated earner is stored in the earner pocket 25 

The storage period is needed to generate a charge through within ft iod immediately before a read period> 

illumination of light and to store the charges in the carrier Wfaen ^ hot neraled carriers are stored in the cmier 
pocket 25. During the storage period, an electronic row-wise theQ ^ ^ ^ tfae ^ 15 ^ ^ 
shutter may be used to activate only a relevant row of pixels * relali(m tQ (he amQunt of tfae ch stQred therein ^ 
in a currently proceeding horizontal scanning. ^ gpace chafges ^ vdUge 
In this case, a voltage of about 2 to 3 Volts is applied to of the transistor. At the same time, in accordance with the 
each of the drain diffusion regions 17 of the MOS transistors j aw 0 f charge conservation, an inversion region is formed 
112 in all unit pixels 101 so as to activate the MOS a5ove lhe carrier pocket 2 5, where the same amount of 
transistors via VDD supply lines 22a and 22b prior to ^ electr ons as the holes stored in the carrier pocket 25 are 
illumination of light. At the same time a low, yet sufficient, increased to result in an increase of a channel conductance, 
voltage is applied to each of the gates of the MOS transistors In this case ^ a sur f ace potential just above the carrier pocket 
in each column via VSCAN supply lines 21a and 21!?, so as 2 5 is approximately constant in a direction of the channel 
to render the MOS transistors cut-off. Thus, the charge length, electron carriers are distributed in the uniform den- 
storing operation is done for all the sensors coupled with the s j lv 

respective horizontal scanning signal lines. 55 Qn the other hand> because the space charge density is 

With the drain diffusion regions 17a supplied with the sufficiently low in the drain diffusion region 17a side of the 

voltage, majority carriers (holes) in the p-type well region 15 we ll region 15, no inversion region is generated in the drain 

are swept to the p+type substrate 11, so that the well region diffusion region 17a side of the channel region, and instead 

15 is depleted, leaving only a negatively charged space fiQ a re gi on 0 f a strong electric field is generated therein, 

charge layer of acceptors. Because of the inversion region generated in one part of 

If a pixel is illuminated by light, electron-hole pairs are the channel region and the strong field region on the other 

generated in the well region 15 of the photo-diode 111 part thereof, the optical signal detection MOS transistor 112 

associated with the pixel is now operable under a saturated condition as shown in 

Under the condition that the gate of the MOS transistor is 65 FIG. 11. 

set at a low potential, the photo-generated electrons are Hence, if a set of standard operating voltages is applied to 

driven out of the drain diffusion region 17 by the drain the respective electrodes of the optical signal detection MOS 
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transistor 112, the transistor in saturated condition is acti- voltage of the MOS transistor 112 is changed by the carriers 

vated. The transistor 112, connected with the constant cur- in the pocket 25. 

rent source, operates as a source follower: it decreases the When the gate electrode 19 is supplied with a voltage of 

difference between the gate and source potential via a about 2-3 Volts and the drain diffusion region 11a is 

negative feedback thereof so as to flow a constant current 5 supplied with voltage VDD of about 2-3 Volts to enable the 

through the transistor, thereby raising the source potential as MOS transistor 112 to operate under a saturated condition, 

shown in FIGS. 10A and 10B. The change in source poten- a wea k electric field is formed in an inversion region of the 

tial is read out from the output terminal 107 as its video channel region, and a high electric field is formed in the rest 

signal. of the channel region. 

The above described read operation may be interpreted as 10 jf f at ^ stagC) tne source diffusion region 16 of the MOS 

follows. Because the optical signal detection MOS transistor transistor 112 is connected with the constant current source 

112 operates in a saturated region as shown in FIG. 11, the iq^ t h e MOS transistor 112 forms a source follower circuit, 

drain -source potential difference is determined by the poten- thereby varying its source potential, and hence the output 

tial in the well region 15 below the gate electrode 19. The voltage, that follows the change in threshold voltage of the 

potential difference results in generation of an electric field is MQS trans i slor cau sed by the photo-generated holes, 

towards the source diffusion region 16 in the p-type well Accordingly, a video signal is obtained corresponding to the 

region 15. amount of light illuminated. 

Although photo-generated holes raise the Fermi level in ^ described above, in accordance with the invention, an 

the neighborhood of the source diffusion region 16, the idea j CMOS imaging device may be provided wherein 

height of the potential barrier is conserved since the current 0 photo-generated charges may be swept (initialized), stored, 

is determined by the constant current source 106. and read without being affected by noise sources in the 

Consequently, a change appears in the source potential Vs channel regions and the semiconductor surface, 

that corresponds to the voltage difference associated with the u ^ ^ ^ ^ ^ 25 ^ formed 

space charge neutralized by the injection of photo-generated bdow tbe cfaanncl f an invcTsion re ^ on is formed in 

ho es, as shown in FIG. 10A and 10B. In other words, he & Qf ^ ^ ^ ^ KSi Qf ^ 

bulk potential of the semiconductor may be changed by the n ^ Qn im essed ^ a st electric field> ^ mat 

photo-generated holes so as to change the output of the ^ transistor caQ be actiyatcd tQ undcf a smc6 

source follower. condition. Moreover, the MOS transistor is connected in a 

In this manner, it is possible to obtain a video signal 3Q source foUower, its source voltage follows the change in 
(Vout) which is proportional to the amount of light irradi- threshold voltage that corresponds to the stored photo- 
ated. Since in this case the photo-generated holes and the generated charges. Thus, a good linear charge-voltage con- 
electrons appearing in the inversion region are quantitatively ver sion may be obtained by reading the source voltage, 
balancec 1. the amount of photo-generated charges is the same feature fon caQ bg ^ iated 
as the charges induced in the V* ™^ Aim 18 (acting 35 ^ conventional BCMD type solid- 
as a capacitor) and the change m threshold voltage may be £ have GamAm 

detected. As shown in FIGS. 13A and 13B, charging by the c Lacteristic and are therefore difficult to operate 

photo-generated charges is limited to the gate insulator film , & ^ # , ... „ . r , . T . . 

? « , , . s . ... tLttL 6 j4 , . under saturated conditions or attain linear photoelectric 
18 above the earner pocket 25. so that the detection sensi- 

. A1 -ac *u conversion, 
tivity of the photo-sensor may be determined from the 

thickness of the gate oxide film 18, and the area and the 40 Inthe invention, a photo-sensor has a photo-diode 111 and 

depth of the carrier pocket 25. A linearity of charge-voltage a °P tical signal detection MOS transistor 112 separately 

conversion of the photo-sensor is good because the photo- Accordingly, deterioration of spectral sensitivity caused by 

generated charges are stored in a limited region of the carrier multiple interference of incident light that takes place on the 

pocket 25 photo-gate electrode may be prevented. 

In addition, since the detection capacitance can be 45 By the simple combination of the photo ^iode 111 and the 

regarded as constant, it enables a very sensitive detection of °P tical si g° al detection MOS transistor 112, the fill factor of 

the photo-carriers based on an extremely linear charge- d» photo-sensor may be improved, 

voltage conversion. Fixed pattern noise may also be suppressed by varying the 

Referring now to FIGS. 7A and 7B, operation of the 50 gate voltage of the source follower as described above so as 

solid-state imaging device associated with photo-detection to adjust the gain of the source follower and the source 

will now be described. capacitance. 

In photo-detection, the charges that remain in the well In the foregoing examples, a optical signal is obtained by 

region and other sections of the semiconductor are swept out forming a p+-type carrier pocket 25 in an n-MOS transistor 

by initialization thereof, as previously described. 55 (optical signal detection MOS transistor) 112 to store photo - 

Next, a low voltage is applied to the gate electrode 19 of generated holes. However, it will be understood by a person 

the transistor; voltage VDD in the range of about 2 to 3 Volts of skill in the art that the detection of the optical signal may 

is applied to the drain diffusion region 17a for activating the be detected equally well by forming an n+-type carrier 

transistor, causing the well region 15 to be depleted and pocket in a p-MOS transistor (optical signal detection MOS 

resulting in an electric field directed from the drain diffusion eo transistor) to store photo-generated electrons, 

region 17a to the source diffusion region 16. In the example shown in FIG. 7 A the solid-state imaging 

Upon illumination of light, electron-hole pairs are device is adapted to supply a gate voltage of about +5 Volts 

generated, wherein the holes are injected into the gate region to the gate electrode 19 during a sweeping period, which 

and stored in the carrier pocket 25. The stored holes limit the renders the channel region conductive to thereby impress on 

width of the depletion layer extending from the channel 65 the source diffusion region 16 the same voltage of about +5 

region towards the substrate 11, and the potential is changed Volt as applied to the drain diffusion region 17a. 

near the source diffusion region 16, so that the threshold Alternatively, the source diffusion region 16 may be con- 
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nected with a power source via a switching means such that 
the power source provides the source diffusion region 16 
with a voltage of about +5 Volts only during a sweeping 
period. 

Referring again to FIG. la, a constant current source is 
shown to be a load circuit. The load may be replaced by a 
capacitive load using a capacitor. In that case, the capacitor 
is charged as the source voltage is changed by photo- 
generated charges collecting in the carrier pocket. The 
voltage across the capacitor may be read out as a video 
signal. Further, instead of such capacitive load, a high 
impedance load circuit may also be used to form a source 
follower. 

It can thus be seen that there has been provided by the 
present invention a new and useful threshold voltage modu- 
lation solid-state imaging device which includes a common 
well region shared by a photo-diode and an insulator gate 
type FET, and a heavily doped buried layer (carrier pocket) 
formed in the well region under the channel region and near 
the source diffusion region of the FET. 

Accordingly, the photo-generated charges generated in 
the photo-diode are transferred therefrom into the carrier 
pocket of the transistor through a bulk of the semiconductor 
layer and subsequently stored in the carrier pocket to thereby 
change the threshold of the transistor. 

This arrangement facilitates suppression of both thermal 
noise (kTC noise) and noise that arises from charge captures 
on the semiconductor surfaces, throughout the optical signal 
detection consisting of aforementioned steps: sweeping 
(initialization); photoelectric conversion; storing the photo- 
generated charges in the carrier pocket; and voltage read out. 

Thus, the invention provides a low-noise solid-state imag- 
ing device equipped with MOS type image sensors having a 
superior performance over a conventional CCD image sen- 
sors. 

It should be appreciated again that in the invention the 
carrier pocket of a MOS transistor is provided under the 
channel region of the transistor. The carrier pocket enables 
shared formation of an inversion region and a strong field 
region around the inversion region in the channel region, so 
that the transistor is operable under a saturated condition. 

In addition, the transistor is included in a source follower 
circuit, with its source connected to a high impedance load 
circuit such as a constant current source, so that the amount 
of the photo-generated charges may be advantageously 
converted linearly to a change in the threshold voltage of the 
transistor, which can be detected as a change in the source 
voltage. It enables a good linear light-voltage conversion. 

The invention may be carried out by a simple combination 
of a photo -diode and an optical signal detection MOS 
transistor. Thus, the invention is capable of providing an 
improved fill factor thereof. 

The feature of the invention that the gain of the source 
follower and the source capacitance may be easily adjusted 
facilitates suppression of fixed pattern noise. 

The solid-state imaging device of the invention may be 
manufactured conveniently at low cost because it can be 
integrated with peripheral circuitry on the same substrate 
using a conventional CMOS fabricating technology. 

Besides, though the detailed example of the present 
invention was described in the above preferred embodiment, 
an another modulated example as shown in FIG. 14 may also 
be considered. 

In FIG. 14, a different point from FIGS. 2 to 6 is to be 
provided with a structure such that a signal light directly 
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comes to a gate region 15 through a gate electrode 19a. In 
other word, no photo-diode is provided and a light sensing 
window 24a is provided in part above the gale electrode 19a 
and in other regions a signal light is shielded by a light 

5 shielding film 23a. 

The same advantage as that of the above embodiment is 
also obtained from the structure of FIG. 14, since a photo- 
sensor of FIG. 14 has a carrier pocket 25 within a well region 
15 near the source region 16 below a gate electrode 19a. 

1° What is claimed is: 

1. A solid-state imaging device equipped with a plurality 
of unit pixels each including a photo-diode and an insulated 
gate field effect transistor, said photo-diode comprising: 

a substrate having a first conductivity type; 

a semiconductor layer formed on said substrate and 

having a second conductivity type; 
a well region formed on said semiconductor layer and 
having the first conductivity type; 
20 an impurity region formed on the surface of said well 
region and having the second conductivity type, and 
said insulated gate field effect transistor comprises: 
a drain region formed on the surface of said well 
region, extending to said impurity region, and having 
25 the second conductivity type; 

a source region formed on the surface of said well 
region, spaced apart from said drain region, and 
having the second conductivity type; 
a gate electrode formed on a gate insulation layer which 
30 is formed on a gate region being said well region 

between said drain region and said source region; 
and 

a heavily doped buried layer formed in said well region 
near said source region below said gate electrode, 
35 said heavily doped buried layer doped with an impu- 

rity of the first conductivity type heavier in concen- 
tration than said well region. 

2. The solid-state imaging device according to claim 1, 
wherein said heavily doped buried layer is formed over the 

40 entire width of a channel region which extends between said 
source region and said drain region. 

3. The solid-state imaging device according to claim 1, 
wherein 

said gate electrode is ring shaped; 

said source region is formed on the surface of said well 

region and underlies at the center portion surrounded 

by said ring shaped gate electrode; 
said drain region is formed on the surface of said well 
50 region surrounding said gate electrode; and 

said heavily doped buried layer is formed in said well 

region surrounding said source region. 

4. The solid-state imaging device according to claim 1, 
wherein said gate electrode and its proximate region are 

55 shielded from light. 

5. The solid-state imaging device according to claim 1, 
wherein said insulated gate field effect transistor is used in 
a source follower connection, and said source region of the 
transistor is connected with a load circuit. 

60 6. The solid-state imaging device according to claim 5, 
wherein said source region in said source follower connec- 
tion is connected to a video signal output terminal. 

7. The solid-state imaging device according to claim 1, 
wherein said plurality of pixels are arranged to form a 

65 matrix. 

8. The solid-state imaging device according to claim 7, 
wherein 
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plurality of switches each having a photo-detection 
signal input terminal being connected with a plurality 
of vertical output lines each being connected with said 
source regions of the insulated gate field effect transis- 
tors belonging to one column of the matrix, a photo- 
detection signal output terminal, and a horizontal scan- 
ning signal input terminal; 

drain voltage scanning circuit for selectively supplying 
a drain voltage to each row of the matrix, connected 
with a plurality of drain voltage supply lines each being 
connected with said drain regions of the insulated gate 
field effect transistors belonging to one row of the 
matrix to transmit a drain voltage to said drain regions; 
vertical scanning signal driver circuit for selectively 
supplying a vertical scanning signal to said each row of 
the matrix, connected with a plurality of vertical scan- 
ning signal supply lines being connected with said gate 
electrodes of the insulated gate field effect transistors 
belonging to one row of the matrix to transmit a vertical 
scanning signal to said gate electrodes; 
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a horizontal scanning signal driver circuit for selectively 
supplying a horizontal scanning signal to said each 
column of the matrix, connected with a plurality of 
horizontal scanning signal supply lines each transmit- 
ting to said horizontal scanning signal input terminal of 
said switches a horizontal scanning signal for selecting 
one of vertical output lines; and 

a load circuit for forming a source follower circuit when 
coupled with one of the insulated gate field effect 
transistors selected by said vertical and horizontal 
scanning signal driver circuits, connected with a com- 
mon horizontal output line being connected with said 
photo-detection signal output terminals of said 
switches, and wherein the source terminal of said 
source follower circuit is adapted to provide a video 
signal. 

9. The solid-state imaging device according to claim 8, 
wherein said solid-state imaging device is a monolithic 
integrated circuit. 
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